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Recoverable Coal Resource "roas ( TrRCR-^) in the "astern United St3-tes. 

The ^rotcri ^vacr^r^e is located in Ca^o-bell Co^nt^

* T T ^ *nr   «^ n  i * ^* m i *e^s^ern   vc.,i-ri. 1- enoo.i^.-sseo o.M ._ 01 c.,r^s ox lo"'7iisn::o
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qu T   ,-Px^ 
1LO.J

1 iiA /

level occur in the valley floor of Wild uorse '"'reek on the western 

qu?dra.ngle boundary. The soi.iber grays, yellows, and browns of outcropping

oranges, and purples of "clinker^ and deep greens of the juniper and

-i-i-TO -*-r» op rr.^T,-J-V
.^.-J_i*v^ ^-L ^C '.-,- o-   " ^,,*»

 s in %nis se.ii""aric region accruss pnn3i.pa^.JUy %n tne 

spring-Lie. Su-.ii.ior ?nc fall pr jcLpi'C'S.ti.cn usually originates froin. 

thunderstorms* and infrequent 3no"-"f"llr. of six inches \-.~^ c.;i) or less 

genera^.j.y characterize "'finjer precipi^a'cion. .-_^.%,±iougn i.ejipera^ures 

ranging fron less tha.n -2<"= (-32C C) to i.iore than 100^ (3-°^) ha.vs 

been recorded ne^.r ^rvada, T1yoraing, avere.ge winterti.ne ..iiniiiiursis and



CJ-i ^ -v» *"* -~)  i x-\ ^-\-\*~^-~ ,-\T^ r-1^ -". y-, -*  -- <~3A ';"""' /" O -'' ^> "r-"-/*^ '-^- '"" " f"> jf~* J^ 1- «^ -- ^-\ *} VI /-« CS'^Y'S
jU-i  c=vvC 0<» iA ero..__Lp ,.  O UJ. v_l_U;3v, cJ.ii.Oiig, -i-Cfcj O Lt:, ^<3 ) cilia   dholes..;.

cs.te-°'orf es w~^ th. the stste s.rd feders,! su^"fs-ce ~ener<2.11T ~ Ie3-s.ec! "to rs.ncliers
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Q-Q ^ig.^s 2 of "t^c Co?? Resource Cocurron

The Coal Resource Occurrence sn~ Coal Development ^otential 

progrc.i :i pert3ins to unle£-sed _3^src.j. ccs?. s.nd locuses upon: .} "w

T T   ^ «-J_* ,~ -C* "? .J _, Jt-l- ^-»__"*- T - 4 --_,..  -t i-,^~i ^  -^ J-^. -i -- 4 -^ -r~« ** -^ *«., J-T-> -v-i *   r~* -  4-
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-^^ .^^^^ . 4-V o ^,- "- -^ J-" ~"1 -^^-^ r----^-^- ^-, ^ ..-,-: -^ ^ -- ,0 A^y* -*%-»^-i >- -1 -=->-;.

\

feet(914 m). No resources or reserves are computed for leased 

federal coal, state coal, fee coal, or lands encompassed by coal prospecting 

permits and preference right lease applications.

Surface and subsurface geological and engineering extrapolations 

drawn from the current data base suggest the occurrence of approximately 

10.4 billion tons (9.4 billion metric tons) of total unleased federal 

coal-in-place in the Croton quadrangle. This estimate includes about 

167 million tons (151 million metric tons) of Hypothetical Resources.
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sast of the principal coal outcrops and associated clinkers ("cTraT, ?.? 

and presu.;i£bl;7 projects into the subsurface benerth ;.%uch of the basin. 

One of the principal ch&r?ct3risticc for seperctin^ the Lebe md 

^ullouh "i.iberG (collectively referred to ss the IuulctT ^einber erst 

of "iles City, "onion?) fro?" the cverlyin^ Tongue River >Te^ber is ths 

color differential between the lighter-eclcrsd upper portion and the 

somewhat drrv cr lo^er portion (^roir:,, ?v v^) « A lthough -eclojistz 

 vorhin0 wit^r- Gvbcuri? -e dat?, principally jecphysicsl lo^s , in the 

bssir. are trylr.0 te devel^ crlteric fer subsurface recognition 

of the Tebc-^illcj% ?.:id Tonjus River-Iebo contacts, no definitive

~i -, ~ .-l^O -" ^^ r^r? «n v*^\ ** -- - - /-\',^: ^ -- ^\ n 7 r 'Z^1 ^^   u. _ ----. o.* ^ __iiO'-j.u u^ .ic v \

-. - - --- 1'- - -v. C." O C7  7- £5 ^(-1^*^" T 
- i    -<J j. '   - J^" V ' ' »-' '" 0 J -*iW V*^. ^ v-

 -  rti-'r-"'- o---» ",-1"" ;'~"""" ^ -"  r- -,-. c^ °--,-v-> -J- V - "
.i»-W.li^V^A O w '^ \_ _'. V ' J. W j. ̂ /' » .1  __' -^O-t -^,i__S-

 p.. ,..,.-. -: . .)-', _, ~^^~ o^ r»c  ,:- o-.-./^^"- -r'.-i^, D --.r'^o--- P-5-r r .o.-x« TJpo--- -r-^oT^- f J"O c;--"'-'  
^/.     --"-^J --*^    ̂ ^v'-'^i.i^ V, ,"'^ W--J '-. ^ S-- s_>^'-<-^_ -    . * ^ .- , *'-O    i A W  w J^ ^- "^ ^V^ O o*.    ^

*-.  *- -r /-^"-. " "' ^-.- --- -v«,~--. - ,>,--  - -,,,-,"1 -- ,3 ,-. -3 1 -,-i^.J^ -I-"1 1 v, r5 -£*~l .-1 XA ^ "-rx^^-^^ 
   w^.^ _i..'.__ v_-i^ / ___i '^.i ^s^.,^    -i\^-.U -.- v^ ' .^- V-C--.-- J __i^__t-iJ.V_. J-O-Uv^ ^/<-'-l->-J-i_O

* *^. 1 ^ _ ^-, f,.^^ r* *-t T ^ ^ , - ^   r-* V . , - -
.o .00, c-r^i^. -J. o,-_^.OC) ._c>.; ~-u. ^

"'-' 01 "* ^--. - - "' -~   --"  - '   .   Tj.op -^"^ ^p-^ T'...^V ^ -P -"-"--.C- -TT"-1- S'"-rQ TT1- 0-^.j-, 
-^ - v-   ^ . , v >' v^_ - j >-. _.i^.- ^ ---^j O ^_xC- -^ . ^ W J. » ^-_ ^ i . J j_ ^. i >^ v t_. -O ^ C3-_ ^C -O - . ^ ^  '^

organic Jebris cc-lleets^ ' ra? within a re-:?ucin^ ^epcsiticn^l cr.virci....ent 

T ccalizeG uplifts be^sn b: c"ict\:rb the nc?rr sea level terrc-ir- cf 

northeastern Ti7yo^ing, fcllo^int; retreat ef the Cretaceous seas. tTc^ev3 

the extremely fine-drained ohsr-aoteristies ef the Tongas ^iver ^eiaber 

elastics surest that e^eas ef recurring uplift peripheral te the Powde 

River "°asin ^ere srbduec1 during .;i?.jcr ce~l deposit formation.



The uplift of areas currovnding the Powder River ??sin created 

a structural basin of asy^-ietrie characteristic, with the stsep west

, -£* -'-1- ~, T5-I ,,. T.Tov«v, ~' r r\~ - -,'- 4- 2 - r- c; T'V. o S"vi 
  L._*O- - -<- .. i'J^.i - Ov^i* - <? j_liO . . iiC Ci--/!

thought to bs located i.; the western part cf the basin, and to display 

c north-south configuration scric *.$ to 2C r.iilss (2'4 to JZ ku) east of

uiLps QJ. ^vrc cogrGes or ^.ess cusru'p'CSw cy surxace s~cr~j.CvU.r3 

relate tc tectonic adjustment and differential compaction.

So.ne coal beds in the Powder ^iver Pasin exceed 200 feet (51 .1) 

"ui thr.ckr.3Ss. '^epos'i'c.ion o.~ "-hese t-niLcki m~situ cos.x oeds requires 3

0")" cr 3i;i£HGous V0-.u.iiss C- orgcLiiiLc 7eor~-3. Tnese concntiLons in concer^ 

with a favorable ground water table, non-osidizing clear water, and a 

cliarte amenable te the luxuri?nt growth cf vegetation produce a 

stabilized swa.i;ip critical to the deposition of coal beds.

T"!o-~ -jc;-"' + - or, o  *"" -'-^o "i-p-" Qi^g"' *" ',' -j-V, -"<->!- ->nP"' bpds of  f 1-"'^ T>oT-rr"; ^rl "P-Tfpr1
-'\^^s>^   v_i-*Jii V>   w--x^ V.i*uvOwv^- _   "J ^^ i   W . s- -^W-6*  tw/OOO \J ± U*i'^ W«'V- ^-'X *V^_ / C--t

Basi*i jiay be particll'' attributable tc short distance water transportation 

of organic detritus into sreas of crust?! subsidence. Variations in

'->(->. rs n 1  ̂ r"! T~^T /^Vvi'scc; -f-l-<-v«r->-. -   " -.,'~,- ->  *- -s-~-i .-^ "" rr c- -5 ^-> -v«ei"l o 4- o "^o r>1T" >o fdc; -^ -o J~ 1-"' o 
^V^C.J. f^^w: v -  'wX.liCOO ^ii^. iJ^Li.UOi. u w-i^ ^.c.v.-u_i- _ v^ _LCi. UC Ov/ OiiOiiC.i3 _ii Wii^
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gra_ned sc.iids'uC.'iCc 9 sivlstciiSZ , iiiuesoonee , clayst/ones, Drcwn~c ~ac 

carbonaceous shales and coal beds. These sediments £.re noticeably t

' '

^^.,-,- , _   ,,. ,-.^.. .,-_, ../ -,,  -- - -^ - -- - --T-^
0- x.iC.v^-Oii -o 1 apOi ^-'-L,, ,'Ws, ^u - -s> > -L^e^ x ^ J-> o^ .- -r^r ^; ^.1-.w V- 1,-t.vc.j - >

oal ri-ld (^Ccr, ^2>> D.I.: "-illstts coal fields (^obbin c.nd B?rristt,

'?27), T,7yo-"ir.£, an; ::i:h ccel bads in th- Ashland coal "ieid (^.ss, 1-932) 

in southeastern T 'Gi:-t&.n3. T:iis rspcrt utilizes, where possible, the 

coal bed nomenclature used in previous reports, ^he Truiiian and Psrnell 

coal beds were najied bv TJ?ddccl; 5,nd others (197O- ^he Scott cod bed 

was narued by Olive (^537), ^ "cTauJilin a.nd "ayes ( 1 973) naucd the

T.-t, rp»> -f*-^* ^ 1OOO^ r^\- ,-. CS T-j^J- -/ .-> o «-:~!^/j . 0-J..J. \-->^^/. _iisi -)W«SJL _<_. oo=-_

and Barker (1929) assigned na.r,ies to the ,A ndersor_, Canyon, and T<rall 

coal beds. The Coo': coal bed -73.3 name'' by Pass (i932), and the "a^ee 

and Cache coal beds were nc-.,ie j by Vs-rrcr, ( 1 959). ^be Wildcat, "over, 

and Cedehoven coal beds were info really n^rned by IntraSearch Inc.

/ A poo-, , ^ ^r-i^N ^ _ ; 4^170^ \V -. 7 / o ̂  , ... y ,- x , o-iiu -- >' , x ̂ c; ; .

I-ocaJ. . ^he Crctor: Quadrangle lies ou the eastern flank of the 

Powder River Pasin, where the strata dip gently westward. The T'rasatch 

vo^ii:atioii crops out throughout the Crcton Quadrangle, and is ccr;iprised



of friable, eora.se-grained to gritty, sxhosic sandstones, fine-to very 

fine-grained sandstones, siltstones, nudstones, claysiones, orown-to-

Si.rig.jj.ej nor uneasT. souTU.v-es'c z<r ending .^av^w occurs in one 

sourness, t corner of tne o^uadraiigle wi"th a vertical displacement 01 j "co 

1.0 feet (1.5 to 3i."i). 

Til. Data, Sources

.^resl geology cf the ccsl outcrops and associated clinker is 

derived fro;: the Geologic Ms.p and Cc^l Sections of the r':_-':_ i

- -f subsurfcc^ control, particularly- on dee

cocl beds, is the geophysics,! logs

producing ^ells. Some geophysical logs are not applicable to this study,

zones, """ore than eighty percent of the logs include resistivity, 

conductivity, and self-potentic-1 curves. Occasionally the logs include 

ga.'Tiiiia, density, s.nd sonic curves. These logs are available froi.i 

severa_i. co.;iriiercia_ sources.

^11 geophysical logs available in tne cuadrsngle are scs-nre^. to

S o"1 op~  ' '''oco - T~,  * *'> n?:~r r ~^ "'~^ ~- PP";' 1 ^ ~<~i ^O^"" "^ P» <^f> iT*T'fi O,°rlT; "'^T*P'?'''~'P rrP v>^l~ ?"i "" 
\^  *-  W ^ ^^ A i^»^-*x 'Vw_ *-iJ. v^^'-w*-- ^--'O'f-1 _-i- wv*yw'J,-^> ^ ^  ^/'^ _i. -C*OOw<..- ^-^ v wW'^;-->- J. V^i*^^ itiC-xv^y_ui i^^ .

Psper copie.s of the logs are obtained, interpreter, and coal intervals

g3.i;ir_e?, ^ensi^y, snd resistivity curves are avail aole. Ooa^. bed

~ ^ T



within anf between que.dr angles is achieve? utilizing 2 fence diagro.ui 

to associate local correlations i\ 1th regional coal occurrences.

In SOMS parts of the ^ci'der ^iver ^.-sin, additional subsurfcee 

control iz available fro 1 TT . c . ^eolc0ical Survey open-file reports :>st 

include ^eophycicc,,! p.n-" litkcli^ic lojs cf shallow - holes drilled 

specifically for coal explorotlcn. * =prr?e sc?tterinj cf su^curfzcc 

deta points are shown on unpunished CR?-?^P Jiaps compiled by the TT , c . 

"oolc^ical Survey, and -rher? those dat?. ere utilized, the rocV-ooal 

intervals :r- rhc-i; on the Cccl D"t? "ap (Plate f). Tnssnuoh re these 

drillholes hrve re identifier hsr :i:~ 0s , they  5 not sot forth on the

'Vrs 1 T r -'- s ^"--i.cv-.-r f ">~ - -'- -. °> TV- , o^-- 1  . --:- T,"1 "V .--c; A -" --v^-r- ---- "  "> v^-'.-c.
'-.-  J- - --V _..__^^ J x ,  . ^^ _y y « --.^ ^J^\Vj- ^ W__v.^__ __'%/(-,*-' ---' - WA.-'J^, .* ^.        ..V^      « VJ

vers unr vail rile to TntraScayjh to ascertain the accuracy of hi'-izont""1. 

7.? ~ J"ion, topo Drc-phi3 olevrtio-i, and dcir   hole date, interpretation.

  ^^ /", --- -^<-»-^><-\ r~ \ --'-'» --^-' ^v^-^--*^   --^^ f> /- .1 - ''- - ^   *- v-^ r--^ ^.-^^-^---^^f-,-- ^> -^,1 -. - -. o , ^.
C-'O^-'i^ O _^xO,_ _O^O, ^i_C ^O wG- ___ J -i-VJ. OUj^-^iSoO ,  v^.l... C _  C ̂. * '-  ' -fj \J-. M^i_     Oi.O

--->- -. T ̂  ;^ "^ - ^ - ,-^ ^^ "- T -^? -^ *-;/-» ̂ -v -*^-> ^~? ^^, --- ^ ̂  "^ .^--v-,..,^, ^ -^ -3 4 .^. J- _ v».^-. -^ ̂ ^, ;.^ J.4--,^ -^-x»^-.^*-^ r-» -" ^i---;^,--
.i*^-'»' kJ ____0 .i ._-.. ~?SAi _U-VO ^-,'C L. _-^ o-L ̂ -'-__ liit-j./^' J i-..'^ ^.ii l_-fc_ ^_ O :^v !..  V O ^-.'1 v/ _ J. ̂  ̂_ -_.. i vy^. .

e
r-4-p''. "I- cjVo,^ - - -T - T -  -I- -.-^ -..'-.,.  0 r ^, -.- 0 ,T -< ^,-. r --t -- -  .., - r^NV,',.._1 --, r, 4 v-: J-V   ,-iY»-^r 
*- J~ t^ -^    V_l_ fc%^.X    __ , ^   ,^ _    _ ̂ , , ^ -^ S.~ ^< V  ^. -^^    '^- '  - _*_     ̂  >_/^- ^_ ^1.-^^ v^    A t ^^ . ^ <-< £- .^ ~  

The thrust of the Tntr" Search inter t "oousoo upon the su^^estion of a 

rejionc-l no::snol':iure applicable throughout the eastern Ponder River 

Bssir, It is expected and er.tlrely roasonohlo t/st sons differences of 

opinion regar-hin^; correlations as su^ssted by IntraSeFrch exisi, 

Additional d^illin- for coal, oil, o?s, -.-rater, and uranium, coupled 

with expanded i^a^pin^ of coal bed outcrops and associated clinkers will 

broaden the data bs.se fcr coal be^ correla-tions and rllo'J continued
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COAL 
BED 
NAME

Felix (U)

Smith (U)

Swart z (U)

Anderson (U)

Canyon (U)

Cook

Wall (U)

Pawnee (U)

Cache (U)

HOLE 
#

7345

7312C

7334

7406

744

7426

7424

741 
All

ASH

5.223

16.323

6.442

6.317

4.290

4.620

9.542

7.880

9.481 
analyses

FIXED 
CARBON

34.181

29.797

34.001

31.113

32.852

34.410

29.322

31.029

30.517 
except BTU/LB

MOISTURE

30.280

25.376

29.260

32.583

35.100

33.640

32.150

31.910

31.420 
are reported

VOLATILES

30.316

28.503

30.297

29.986

27.758

27.330

28.985

29.183

28.582 
in percent

SULFUR

0.338

2.598

0.707

0.327

0.307

0.250

0.500

0.386

0.488

BTU/LB.

8111

7273

7738

7498

7298

7766

7279

7344

7271

(U) - U.S. Geological Survey & Montana Bureau of Mines & Geology - 1973, 1974, 1975.

The Coal Data Sheet, Plate 3, shows the downhole identification of 

coal beds within the quadrangle as interpreted from U.S. Geological Survey 

and Montana Bureau of Mines and Geology drill holes, and geophysical logs 

from oil and gas test bores and producing sites. A datum coal bed, is 

utilized to position columnar sections on Plate 3. This portrayal is 

schematic by design; hence, no structural or coal thickness implications 

are suggested by the dashed correlation lines projected through no record 

(NR) intervals. Inasmuch as the Anderson coal bed underlies the entire 

quadrangle, it is designated as datum for the correlation diagram. The 

Smith, Anderson, Canyon, and Wall coal beds show the thickest single coal 

bed occurrence, and the Felix, Norfolk, Swartz, Cook, Pawnee, Cache, 

Wildcat, Moyer, and Oedekoven coal beds are relatively thin throughout 

the Croton quadrangle.

The Scott coal bed crops out throughout the quadrangle, and lies 

less than 380 feet (116 m) beneath the surface. Thicknesses for the 

Scott coal bed average 5 feet (1.5 m), and range from 4 feet (1.2 m) in
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i

c 
i" 

!  
J>

O . J » L
~

>

-
-
*
,

L
 
J
.

£ \ 
'
'

P
.,

r
 ' r
!-

c
f;

l 
'

1 
' 

C
j ;.' '
,''

J;-
;

CO CO CO o 1 
^3

V
O  >~

^

r 
13

CO CO c 
t"

. 
~x - 
k

» c.D pv ^ 
_ »

CO o !~
j ''i ro t '
 

^ c 
I"

f 
y

CO CO CO f- c 
l~

i- 
-

CD P 03 r
l-

0
 

O T
J CO B c t

-

c 
1*

t- 
'' J

^ q 5- 
'

C
'i f.T

*

O fj ;-
J
-

1 
~

h
U
'j
'

b ^"
3

'- 
j o c
i"

O > "5 v 
0

cr
!

0
3 i)
.

 i P ,'""
>

C
", f- 

J
(D u

03 ',3 0
,

 M <-,
|

CD *"$ ("> 0'-
:

CD CO O
N

' 
'5

CO Cu t-
f-

*   
 ̂

' 
 fc

4 '. 
O i"> v .
-x

\3 \\
.j

r-
t 0 O C3 I 
J

C
;'

CD C
J,

H
J

' 
i

C
)

».. C 
>J To CO <,
]

(0 1 
j

I-
J

?.
 i 1 
' 

J. 
i

C'
 '. 'J
3

U O  .-
i-

C
 

I"

C
J O P |,
j

i 
/

CD » -3 !' >
J

o -J C
>3

j 
J

*
<

| C J (J (1
3

j 
J

C
TJ

CD C?
(j

y
K'
 i

^,
 j  'i C,

'
K

*-
!

i '
 

J O
i

t 
-f-

0 j- 
J

* 
 j ; 

-k
( 
}

( 
~)

i- 
<j

CO CJ ( 
1-

'  
^x

V 
jj ' 

J

v̂
 
-S

CO i 
<3

C
j

[- 
J to CO ct
-

I.
.L

C
J 01 CD C
-,

( 
) 

I '
j

CD "1 ( 
<-

03 CD *"
O G

3
  
j

P C 
1"

CO 03 c
+ CO

<
\ 

CO

"c;
 

? C 
''i

0
 

^
,

1- 
^

ro
c 

f- 
' ' 

j
h"

" 
co

(T
. 

p
i

 J
i

c^ CO
 

-
,1

- 
[ J

>
C

 
i"

 
' 

^ b
Cj

 
; i!

o rj 
i.o

| 
1 

C
l

co
C 

J 
c 

» 
CO

 
1 : .
]

  
Ci

;
03 c 

'-

c 
t"

'"
i

CO H-
''

C
L

|...
j>

ITI r^ i 
Ij

C
) 1  
'

, 
i,

03 1 i
.

H
-

CO , 
1-

C
)

1 i c 
i"

c 
H

J 
/

Ci
)

C 
i

CO TJ c 
'"

1 
'J CO   '
i

CO 03 c"
'"

? 
,

P ' i S
i,

b CJ CD 1 0 c 
t* ' i HI H hi 
i o '"
i

c
l-

I 
 '*

O L"*
'

i, 
* 

CO -<
3

1 
(3

CO CO v
-t

-

X
--

X

^
\)

» :  
*

f~"   
^   
i.

J
. 

3

c 
t-

^ 
V

CD ^.
i

CJ  
i

C
 !

-
3
*

CU "
)

C
)

c'
t-

CJ O *"
i

>-
j

CO *"
j o t 
b

t.T CD

V 
0



i-3
 

-C
J 

"(..
> 

i 
<3 

d
- 

-<
T 

<,
,\ 

<
f

;T
" 

o
 

c>
 

CD
 

;  
/ 

-s
j 

c>
 

en
;D

 
>»

 
'I

1 
CD

 
CD

 
C

L
C

t-
 

c
t- 

ft
- 

1 
<3

 
! 

b
= 

 
!'j
 

:\
 

(i)
 

CD
 

<
t..

5 
p
 

O
 

'"
>

  
0

 
CD

 
CD

 
p

( L
, 

^ 
.; 

11
5 

c D
 

co
 

d-
 

d-
 

'1
en

 
 -- 

  
c»

- 
i "

^
 

0
.,
 

c
l-
 

' 
-N

 
CD

 
- 
-^

 
'-
N

 
C.

.
co

 
J:-

,' 
""i

 
'  

* 
' -

>  
C)

<.
) 

<;
J 

CD
 

d
- 

;:
 

-(
~

 
C

J
 - : 

« 
] 

o
 

i 
' 

"2
 

\
j
 

,- 
: 

; 
^

0
 

d
" 

' 
  

. 
D 

C 
) 

 
 ' 

^
 

C 
' 

I 
/
 

< 
' 
i 

c
t-

"5 
o 

1' 
, , 

c ;
- 

ct-
 

; ' 
 

  .~5J
1-

j 
<    

- -
" 

t '
  

;.>
J 

: j 
i-  

 
o
 

I 
o
 

. '
  

a
i 

' 
rt

- 
c 

* 
 

[J
 

<. 
J 

i. 
!  

i 
i"

o
 

;-j
 

"> 
;--5

J 
. /

 
: r

 
r ;

f.L
 

r' 
r'
 

i '
  

c')
 

* 
(o 

(p
0

 
0

 
(
i 

1 
3 

CO
! 

-J 
i 

:- 
f 

>_. 
$?

 
C)

 
CJ

| 
I.

 
J.

1 
.-

i 
t

- 
->

 
0
5

CD 
;i 

f 
<"L

 
h

' 
: -J

 
co

 
i -

j
C

l 
0.5

 
M

 
}-

'  
(T

) 
j. 

i- 
t 

h 
: 
i

(
J 

C
; 

-1
 

t..
.' 

1 
cj

\.
n

 
; 

J 
t-

1- 
01

 
CJ

 
co

O
 

O
 

CD
 

C
L
 

d
- 

?
! 

(D
O

 
C

) 
  

CD
 

$ 
.' 

0 
-> 

15
 

C
O

1 i
 

  
>., 

;..
 / 

<+
  

U
v

. 1
- 

c 
r 

< 
1; 

V
J 

  J
CD

 
CD

 
I 

- 
< 

i- 
0
 

' 
tj
 

«
? :

 
co

 
<^5

 
; /

 
i- 

J 
CD

-*
 

' 
> 

: 
| 

>1
 

CD
 

vO
V

j\ 
co

 
CD

 
o

 
 :;) 

V
 

. t
- 

c
( 

J 
C

l 
CJ

 
V,

 
* 

CD
o
 

o 
c .

- 
p 

« 
£
 

' » 
'""

*
> j 

:-; 
i J

 
CL

 
r t

- 
, o

b 
'.-5

 
rx

 
o

 
\--

o 
d-

 
vi 

,/
 

o 
!-i 

o 
 :

c'o
 

CD
 

' L
 

CD
 

;:J
 

ci
 

;  5
 

- 
^

^t
- 

K( 
; 

Q.
, 

i 
o

.O
. 

<
) 

H
" 

C
) 

! 
 ' 

-'-
>

. 
CD

 
,' 

'  
I 

   
CD

 
f 

-3 
;j

: -*
 

MJ
 

^ 
: 

; ;
 

s11 
CD

v,
n 

c 
t- 

f 
-* 

O
 

<. 
t- 

c 
: 

ro
 

, -t
- 

o
 

CD
 

 ) 
r/

 
' r

; /
 

(3
 

ij
- 

M
 

CD 
o

t 
H

 
O

 
C

'-
 

.J
U

 
CD

 
-I

 
c
i-
 

(T
J 

v.
O

 
CO

- -
 

; >
 

o
 

CD 
CD 

c ; 
c.

-;
r 

!:;
 

CD
 

!i
 

'^
 

9:
 

£' 
 "D

 
c.

, 
F.'

 
<

 
n,

 
<.t

-
(O

 
CD

 
( 

1- 
"J

 
P

 
H

' 
:5

 
r 

."
'- i 

o
 

i J
- 

h-
J 

o
 

f)
 

CD
; 

fji
 

c t
- 

co
 

!; ;
 

o>
  _

^ 
o

 
< t

- 
03

 
r'
 

c 
 . 

01
l:i

 
;v<

 
f '

3 
1 i

 
I- 

J 
<. 

i-
v 

. ' 
O

 
:-

J>
 

h!
 

t.
j 

CD
(.)

 
C3

 
I. 

i 
O

 
; 

'  
«. 

(.v
U

 
C

; 
CD

., 
£

 
<-

\ 
t)

O
 

">
 

CT
) 

,!
  

f
1' 

?
' 

'i
 i'

 
! 

J 
O

n 
J'

^ 
i^>

 
P

-. 
f'i

 
! >

c 
:- 

Ki
 

CD
 

co
 

p.
, 

(D
I 

>J 
r/

 
co

 
o'

- 
C

L 
h i

(1
) 

CD
 

CD
 

CD
 

<5
i

ci
- 

v'L
 

C/
i 

°-'
 

H
- 

--1
 

<.
t-

*r
 

  
co

 
TJ

 
IT?

 
co

 
o

CJ
 

! 
-> 

 
ct

- 
( 

\ 
; *

CO
 

CD
 

03
1 -J 

o-
.

'j
 

CD CO

. =
  

: -
* 

<U
 

c 
!- 

0
' 

1 
'3

 
C

O
M

 
v,

o 
' 

:-r
 

' 
'i
 

^
L
l,
 

C
J 

S
' 

CD
 

->
. 

O
 

i-
"

CD 
o

 
o 

p' 
;; 

ct-
^
 

01
 

,0
 

>^
 

^
J

CO
 

1- 
-5 

c
l-
 

P
 

ij
>

 
rt

-
O

 
d
 

C
J 

S
j 

Ci
J 

^J
 

fj
"
 

CD
 

!--
3

;:>
 

hi
 

co
 

p
 

C
i. 

:-
 

CD
 

O
 

;/
o

 
d-

 
> $

 
t-j

 
 :  

(u
 

co
 

o
 

i 
C;L

 
r-'

 
co 

K-J
CD

 
^-

N
 

J:-
j 

C
-I-

 
C

J 
u
")

" 
' 

V
>

) 
-> 

 
C

L
 

C
'i 

, 
J*

 
CO

 
fT

1 
?H

 J
 

ro
 

V.
H 

H-
 

i 
J 

i-j
- 

c-<
- 

CD
 

P
ro

 
T)

 
o

 
c;

 
CD

 
c\

 
*^

(
- 

c
i-

 
, 

p
;'
 

i-
j 

 
 

U
. 

CD
 

CD
 

c
t-

 
O

 
K.

J 
I 

' 
|W

<
~

, 
O

 
I-

1} 
CD

 
0.5

: 
* 

O
3 

r<
i 

f;
 

;j
 

ci
U

S 
U

D
 

V
>)

 
CD

 
c'

i- 
CO

 
CJ

 
C

L 
CD

hi
 

-;
r 

v.
O

 
r.5

 
!i

 
'"S

 
P

CJ
 

C 
\ 

CD
 

P
 

C
) 

c-
i- 

' '  >
 

\-
J

..i
 

t 
;3 

o
 

M
3 

(. 
i- 

*;
CO

 
p

; 
,-

t-
 

c
t-

 
C

J 
(0

 
0

J
,i
- 

CD
 

^
 

O
 

^
 

:-»
> 

f
' 

h
^ 

CD
U

J 
c!

- 
'i
 

V
A

 
P

 
fl
i

CT)
 

cr
1 

c-t
- 

"^ 
o

 
crr

.
^ 

 >
 

CD
 

^
 

f 
J 

H
j 

1 
b

 
CD

 
I-

-1
CD

 
; -

». 
l-
J 

CD
 

CD
 

CO
 

i-
1'

-J
 

O
 

C)
 

CD
 

CD
 

d
- 

CD
(D

 
^
 

C
L
 

O
 

c-
t-

 
l~

>'
 

"
' 

CO
>J

 
-, 

i- 
TO

 
t^

 
<D

 
T

1
 J

 
O

 
c
'-
 

C
q 

<
 -

 
s-

^.
 

 ?
, 

; 
-»,

^i
 

;v
 

l-J
 

o
 

v^
n, 

co
 

»i
 

: *
V 

n 
(0

 
(D

 
&

 
< 

t- 
c
 

CD
H.' 

. >
\ 

CD 
^ i 

r-: 
f; 

x
CO

 
O

J 
01

 
"
-^

 
C

ii 
H

J>
 

c
t-

 ^
 

r:
 

  
e-^

i 
;-..  

o
CO

 
'i
 

O
 

1 
'  

0
;; 

<j
 

t <
3 

;j
 

-5 
o)

 
Ci

- 
: *

1 )
 

s 
c.)

 
.3

 
'- !

 
CD

 
VO

A
 j
 

' 
3 

C
) 

. 
iJ

 
< 

t- 
c^

- 
C

J 
1- 

J 
~

x
l

>. 
f- 

i 
J> 

CD
 

CD
 

O
 

t.:
/ 

c>
 

c^
r.s 

ri 
nj

 
co 

«. 
t-t

j
< 

t- 
c 

t- 
CO

 
C 

N 
CD

cj
 

CD
 

t..>
' 

; } 
cj

 
r.."

 
ct

- 
CD

o
 

!i
 

^-J
 

a5
 

t-3
 

o
 

I;
/ 

s-
ij 

c-
i-

rJ
 

C
" 

CD
 

'i
 

H
 

CD
 

O
j 

f.-i
 

r-
 

tt-
 

c-t
- 

c+
- 

co
 

--N
'"i

 
O

'-i 
N

 
{-

J 
r>

J 
-,;

3 
c-

t- 
V

A
)

 5J 
C

l, 
r'
" 

CD
 

1 
-4

 
-,

'r
CD

 
CD

 
CD

 
O

 
a

 
C->

? 
--

-^
C

u 
^
 

f
1- 

O
 

*./
) 

co
 

'1
 

. -
*  

c 
t-

<.
+ 

 
0

' 
^
 

!3
 

ct
- 

CD
oo

 
i- J

 
p 

c i
- 

M
 

';o
CT.

 
i*.

 
!-i

 
'-i

 
.(

r
-3

 
T

:;
 

0
 

C
J 

ft
- 

P
 

0
 

;.J
 

C
O

K-
T*

 
C

J 
G

) 
CD

 
N

 
(-

J
 

O
 

" 
  '

CD 
"-j 

c i-
 

1 1,
 

P 
n

O
J 

0
 

01
 

! 
J 

ft
- 

^
-*

-*
 

d
- 

o
 

t-
J 

O
 

O
 

-  
r*

KJ
 

CD
 

t 
13 

H
' 

P
 

a
 

C
"'
 

:-
' 
 

C
/

C
l, 

CD
 

H
 

<
t-

 
CD

 
O

 
CD

co
 

t   
:   

<- 
:- 

co
 

H
- 

o.
. 

; ;
" 

^
 i
 

I
f
 

i-.
.J 

r
j1 

O
 

-
C

D
ui

 
CD

 
CD

 
V.

A 
co

 
r>

 
o.j

 
C3

O
 

O
 

C
L 

c-
t- 

d
-

:  $ 
co 

o
 

CD 
c-t

- 
=  

;^J
c!

- 
O

-. 
:-o

 
P

 
r^

CD
 

?:
 

c-t
- 

o 
H-

 
co

 
c t

-
O

 
<

;.
 

C
 

H
j 

^
 

(D
 

t-
J

O
' 

<
 ; 

H
- 

CO
 

&
 

CO
J 

rj 
c-t

-
n

i 
CD

'1

a) ^^ *
T

-t

4 O r 
i

( 
J- s ? 
 

<f
-

CD "̂-
*

M
, 

f.
j.

i-
b

i!
"

f.j CD  i CD cn ĉt
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the paucity of snbsurfrce da to precludes capping. " Tore the.n "250 feet 

(3? 1- 1.1) c^ sediu.er.ts and coal be:?s overlie the Pawnee coal bed.

^le Ce_e_;ie_ coal bed is separated from th3 ^awnee coal bed by 6^ to

. -p.- - j ^- ' -. csv- ,,,-.--v -
-.^V_- ...t-t,.-. \.~W -JV^ J^' Jii,' v.,'_    i vti i,'^- ^w 4 .»

fO 1 ,-> J-V ^ ^,1.- 4-V.^ P~,V-..o ^o,--"1 " -.- * -rrv- or- -CS-o ^ "3 -^o 1 ?  ^p.^f ^O r -»-~ Jt, .,,^
\ £- . ... iii, '^,J_^, . j Uj.t, yCJ-^.iJ ^,-Oc ... t>^^ V -- . ---^*.f jLi.U:ix ^/ ^O J.iO irfwU \ V * x- ww -:i/

in thickness. Str-cturcl contours on top of the Cache ccal bed indicate 

a scuthwoctvrard dip of tT.-.To depress or less, ^he Cache coal bed lies 

1 360 to 2^00 feet ('-',13 to 732 ,i) beneath the surface throughout the 

otudy ere:.

f=-r-^n -roe?, ^ ^o--*- ^^ ° ---,> - ->,- ^V Vp-r-    - pv.- 4-1--? ^-^^c; c;,-^ o
W-- , \^ . . -^ ^ ̂ , v,' -., -_ _ ^ . \ --   - '  !., vl.1       - - » C-.-.-    iiL-.l'. ^il^.'w. .: j._^W v_ ^.i_

.- _-  ,,.,. J - ^ ^t.....^^-, -.J> 1 ,->r,r, 
. i ii-.* ivAAii -AJ... ^. .i.^xv-'^-- O- ._w  >-

.
"- IA -^ -'-  - ^  

co" .7 'eii

4-V-r -^r-^-,-: J-- r ,-'

^ v> ^-> ^, -t.r -^- ^^ v^ ^ ̂ * C'^T^-^'1 ^v*^'-* 
-.li- ~.'X --O^. -.0 OO',_. ^JiO-   W

v^ T.^,- O -, ^^..,-1 ' -, i -  ,, 
.- wj '^-. sx--o,_ ^^.- _o

- - _ .. -.A'. -..

.' of ene te tvra degrees, ^j.3 te

T.TOO- r->-. - -- c;--  "-"  --   »-, -1- -
..^-v_ wj V i. .j_j.i.O ^, _ _ _. w   ̂ ii - -. --C.

> - - ,-\ -^» -'- - /-^ -,  , ^, -^ 
1 O^ i/.-Oii -f --

--.-~v»----i^-- c--.
V ^ - t^ ̂ : - -^ ^x »   *

" r

-: co ^eet hcrizcntcl locc-.tlc- m^ olev-tioii o^* '"ri

- - ~ ~ " n   -' -"   ^ ^,, , !-.. -.-,-x -"'-.,-»- - ,,., ..^ ^, .... ,- %, ., ^,-^^A^ ^ r t J- r -^ o ,., r ->,-»-- --.- /-»-,
V- -/-!.    __'J -x-     . .- _ . 1- i^.-   ,'^._- iW..-- _ '- ^ w-w   _,_.W«. _- ^''--' - ^  J <--.-^-_/^_- - W

oes

4-V /-



cr near tc r drillslte she'v, on the topcjrc.pliic nap, and the topovraphi 

..isp horizontal location, is utilized. Tf the grcur^ elevsticn on the

 -,*-, ~r-r-f~»   ,-> «-v "* "^^s-a ~7 S-*. S~*. r  - ", " -*- ** - - " -^ -- ~ ~ J~ ~ - -~ ^ , ^^  *- y-^ -y-s .-> *Y* ^i - -, %* * - ^s"^-^--»----^,--. ^^  *-.--. / .

^i.^'O.'-^:" __ __vy^ --O^O J.AV, y ^  0 .- CiC, - v^i- U'.lt, -'Oi-Oo- ^'P - - 0   0 VC- OJ.^- ^- w_iw

" -A-^. -'.";-,,^ - .r-N ."'---c*'" -^ *^ ~" """ --^ - -  . ^^---^ ~" ^,~* ^i-rT-ri-f-- ,/---v  -^ c ""    -^^-c;"'*o"" "^ .^"~--p ~p/~-~-~"~i .".p
J. ^^ , ^J.-^ ij^-'- r'-^-J  -'   ̂ C   --"o 0~ ^ ;-'- iiv- O ^ V C-w._^i. -^.O f. ^J.^C^U^- ^^' w v iij. ^_ .lit-'drillsl

"quarter, carrier, cu^rtcr" r3r-:in0 2ocrtion is shifted within a s.-irll 

srss. until the jrounc elevation of the heading agress with the topographi

r->ap elevation. IT nc clsvatior. ^^res.aeut car. be reached, the wel

V -..'>,-3-*-~ - r-.ni ,-^ *^ ~ ̂  r^"* ^ <-\ ^   -  fr ~s* ̂  n^~ .-* s-*"* *- ^-i .-^ -f*,^,-** -^^r>-^^  " o - - o O ̂ "" " ~^ o , * O'-^ ""~ o *^   ^ ̂  -'y 
....^r,.^.,^.,^ ^_ ., c- v/ _.ix^>^., _. _  - ^^.^.^.^^ .^- :  ^.-   wO^C.g^^ .li^o-O^-. ^lli'^ii ,,._  V 1 .^A ^^

"1 o--r. J- - /->-> ->   -v  »-!.-' .   ">-'- orjc; TT>-,/-"-- v»~ ^    ^- ^ -1-'1 - o
__N^ < <-'- ^_^, ..» -^-^-- _ v_. ^ WiiV-vJi-! « -_ii _^...-_.-   ̂  ̂  Jv-" vii^-

e,nd Oss ^so^IVj'oiccl Ic^s freeucntlv reveal thct corrections hcvc besn 

.;^.de in the eri0inal survev. T ^ r-11 horizontal location date, sources 

have been checlred and the information accepted as the best available 

datr , the drillsi^e elevation on the ^ecphysical ?.og is i;i3difiec to 

a^ree with the topographic -ap elevatie^. IntraSearch considers this 

agreement ;,L3.nd3tory for the proper construction ef most subsurface i 

:ut in particular , th: overburden isop?ch, the ratio, and Coal 

Potential vaps r

Subsurfa.ee vappiua is breed en jeolejic date- within a.nd adjacenx 

tc the broken 1uadr3-n0l9 o.rer , T>atr fro^.i geophysical logs are used to 

correlate coal beds e.nd control contour lines for the coal thickness, 

structure, ;..nd overburden :?.ps. Tscpeeh lines ere also ^ra,vn ^o honor 

selected measured sections where there is sparse subsurface control. 

T--7here isopaeh contours do net honor surfr.se ..leisured sections, the 

surface thicknesses are thcu^hi tc be attenuated by cxidatien and/cr



ereeicn, hence net reflective c^ total coal thiehness. Tscpaoh lines 

enteric1 to the corl bee? cutcrcps, the projections of ec?l bed outcrops,

and the ccntc.ct between pel-cellar ix c (elinher) cui-"1 unoxid-iGed coal in 

pl?ce. A tto: iu£ticn of total c^~l be:1 thichness is known to take place 

near these lines of definition however, the over estimation of coal bee1 

tonnages that results fror;: hbis projection sf total co£-l thichness is 

inei^nifioTAt to tho Ccc.1 Development ^otential ::rps. Structure cor tour 

A..a.ps rrc constructed en tv c -ops of the ^oin coal beds. ^uiere subsurfa.ce 

dsta is scarce, supplemental structural control points arc selected 

frei,i the topcjr£phic _..?p aloic" -- ? ~ outcrops,

Tn :;rcpr.ri;it; cverburden isopaiil; AC.ps, ;.o attempt is ;::ac'e to identify

,-> .'-. ? ~! "" -  > i-J c- -l - ^ --, « 4- r- ^>   " - " ' ^ "  -^ "      :: r^~-r:.v>   -. - "" r\ .--, ,-,  *- ^. f - . «\ -  -  J- ~ r*-^ - "^ ^ v^ ^> ri P "* "" " o ̂ '  " n ̂  C '  *
 ^ -    -_ -^^..iV.- x.'ii'-' V^WwU- -u.i. Oj.iw ^ .'-.-..- u.-Vx._ - *^ii '^. C- J^t.._ JJ.^!^.    ̂ -~ ^U'-'--- >-'W - vtii-.-'-w-J-

stuv- "inin0 ratio ,.2.ps Tcr V'is q-acran^lG rre constructed utilizing 

a ni..eV~f~"^ percent rccevery factor. nontour of these icaps i^sntifv

t" i p> --TI 4-   o .-. -p ^.-- 1 " ^> - :r   v.X'c: p. -* * ->-'ov»''- -i    T>  -' .c- -.-, J -,-> J-^-.v.c; p ̂ " ^-«o  - o-'-.o-''p~ -"* c» --»r^ " "* 
j.»v -     '~/-t.\^ -~< ~ \^^-. w^. - jf t- -^ »_  W - xj v -^-- .^,.<. -^.v^j.! _/i^ -wiiO U- .- - ww v i^j. C«w,..-   >^ ..-..«

T'J:iere r?tio c^::irol points s.re sparse, interpolated points are cciiiputed 

using coal structure, eoal isopach, an'' tcpc~r?phic control. On the

-. '% o-v»o -'-'"-10 r»o'-1 --. ^ o- 1 -^ c;
»_i^- ^ ^-iv '^<~^. -_ ^W, 0.0

nvf "" o^-,-r"> o-'- "-'-'-' .->-,
- '- _~ V '-     ,.-».____ - -> J W

ieacu.ro:, i:v'7 i-;ated, iuferre^ reserves "rid resources, and hypothetical 

'escurces te ^eier,Ane their -r-.re-t 1 extent in rcres, A n Jn,?u\ff^c^ent,



^.ta .Line io frr.77: to Jelinssts r.rcc.s "l-.crc surface snr1 su-sv.rfr.oc oata 

ere too sparse for '"RC ;.; : ;. j ene ire. otic n. ir?riou.c crtejori^s of resource? 

n"tcd lr the ^:7."5.p A.-c: -:"3':? ty vtilicing cos-"1 , "-or" thieinecscs

,,3 .  .,., '  '- ^ .^^1^ .i ,,-<-!._ ,-, '..., --» .- ,? ~ v,,,-   .1 - .-«.,-.. o--! ~ A -% '-1-^ - ~- ^ ^ /-»" o n-U
~    A- f--~ o w.^-.^ ^--t - -      ̂  ^ _ J. ~- ~ __- ^' - ~>-   lj-'---:^+±~ '^ ~ - ---0^,.._-^ -\^__ _,ii _

yd- rare fcc j.; '2,37 .>.., , 

r.M-- ton::L.0 ; is -j:lou?.e.te.- -t >5

-'-V -, -  -"'p-j- -" r- "   '  "* "   "! ~ '  " ^.-^r>T -.-> r -. <- ..-.- - -n -. ^   /  >  -, . ? ^.c::,"-'"" -v-^"- T .-^-1
_ -  _ ^v <---ii   ..--  J^- -c.iij-j  '   ^^/^-- -  -..,*..-\J  >.:   ., t. ^i_ - s. '^ w w_^'^,'^...,:- /J v>-

J. - ^,--. r^V ^ ^ _ ^, ^, . -/* . .f,-,.. ,-. V"1 ^ - ,, r- 1- Z ^ o f» ^ ,,,"1 ^-,- -,-  . Yi.-r - 1 -" v^ ^ »  -M "1 -* -,-, ^ r^ - -

w ^ii-'-*--^- - w-^^^.-i. j o '^iiO~ -._._ijo., .. .i._,ii^ '  _ ./w .i|./_-^.-i. ^ J.. ..__.__. *'w«- J_j-^i^c - -

*"^--- --^--"^-"-:r ^'1 ^y.-" -^^ (-, /^,,.r,^^ f , ^.,,,T/__,^ _^^> ..-,,   - ' '

"it':i:i an

9loT3..isjjit ^ote;: ttcl . A rsas -rh3rs 3oel teds a

--'-- -'-- -^-o nv-.-"! r -^ t- o-ro--'' ~~ v, n -- ^n-^ -".-o- ( ' 4 ^^ -
Jii . ^/j.,_.,^0>-- C. ,..,-, t-i ^ U >   J. __'-     ii --'J  /*- '-  -^ !--' v-- :-- v - -,"- i.

or less o° cvsr" urccn s.r- co.:cif3rc' to h?vs potential for Carfacc

liil^i.ij, r-nc1 are aGsi^ncc a I.t0hj ..iC.i orate, or lc" ^evclo-i.-iant poteii-v?!

taeee on the ..il^t,:^ rr.tto (eutie y.ir-'o of cvsrUir-J^n per ton of

~ 'l.^ --_- <* P* ""  ? ^^^"'^ mV   .-, rt -N->^ -.     "» <5    OO-
^w^-v ^_ '-'-^ _ ̂  ^,^-_x-   y . ij,'^ j.-^.- -i-w.    -'  '-'-.--w-
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 lining potential throughout the Croton Quadrangle is considered lew. 

Tnasniuch ac recovery factors have net been established fcr the under 

ground development of coal beds in this 7u.2drs.ngle, reserves ore net 

calculated fcr coal ends buried Mere than 500 feet (152 -) beneath 

the surface. Table 2 sets forth the ?sti:,ioted coal resources in tons 

per coal bed.

In-Situ C-gs.:jfic_ation. Corl. Development ^otentia.1. The evaluation 

cf subsurface coal deposits for in-situ gasification potential relates

"isa.ticn is os follows:
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2. ^or:. Resource 1"^; ^a.tr (:.:: 3hcrt tsno) for TTnuer0ro:; 
"i-.V. Matho^r for ^sfc^l ^csL 7 sac's in the Croton

e^cor len

22C jO 000

OOC

9.073 J'^0,000
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". 9. ?i;rccu c." "i-3S Pad TT . ^. ^eolo 0ical Purvey, '??:, Cocl resource

olcoGificov.ion Gy~tG.i c" thz TT . S. Purer-. of "inoo GIV^ TT . S. 

°-3-lc j:\05l Survey: TT . °. ^ool. Survey ^11. "^0-:?, ? p. 

V. S. ^oolo 0iorl Survey s.r.71 "cn^riS ?u.r3r,u of ^i

.^c- f.T--^,..,-: -.-. - ,-^/J T3- -, 
C. w j .^ ^iii-.^i^., ) <-~ii^ -'   0

TTcr- ^ou.ity, ^o-trnc: ".5. i3Ci. Sarv-y ^:.cu-^ilG Ropcrt 73~35-- * 

TT . 5. ^Lo^Ccl Survey ar.-: "'c-v^sr^. ^ro?!: of ' TiriGS and ^eolc^-, '.97'',

Pro'lLuino.ry report of ccal ^rill-l;olG c'^ta, a^c1 ohealGal s.nr.lyseG

of oorl lcdo In ^-i^coll p cu:.ty, T - Tyo.,iiii0-: TT . S, ^ecl, Survey

O^on-^ilG Revert. 7''-?7» 2 ;^. :j . 
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